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Conclusions: This was the first study to compare 4DCT image 
quality between free breathing and audiovisual biofeedback 
breathing conditions. Results demonstrated only slight 
improvements from the use of AVB; false-negatives in 4DCT 
images were most improved by AVB. Figure 1 demonstrates 
that the benefits of AVB are most apparent for large tumor 
motions, warranting further investigation to explore this 
factor of motion range vs motion regularity in more detail. 
This study is ongoing, with 7/60 lung cancer patients 
recruited thus far, so we hope to achieve significant results 
in time as these findings could have considerable implications 
for AVB as a simple method to improve the quality of 4DCT 
imaging and patient treatment planning.  
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Purpose/Objective: Bladder patients are treated with an 
empty bladder protocol to reduce the treatment volume and 
limit toxicity. Despite clear instructions before treatment, 
patients still show large inter-fraction motion due to bladder 
filling variation. This inter-fraction bladder filling variation 
can be anticipated by a library of plans. This strategy allows 
a CTV to PTV margin reduction and enables personalised 
patient treatment. In this study, a robust and straightforward 
method was developed to generate a library of CTVs, using 
delineations on full and empty bladder CTs. 
Materials and Methods: As input for the method a full and 
empty bladder CT of the patient were used. After rigid 
registration of the full to the empty bladder planning CT on 
the bony anatomy, the CTVs were delineated on both CTs. In-
house developed software was used to calculate intermediate 
CTVs based on the empty and full bladder delineations 
according to the following steps (Figure 1); (1) the centre of 
gravity (CoG) of the empty bladder was calculated, (2) for 50 
equiangular values of phi and theta the distance from the 
CoG to both the empty and the full bladder were sampled 
and stored in rectangular 'distance maps', (3) starting from 
the empty bladder distance map, a maximum of 3 
intermediate distance maps were interpolated such that the 
largest difference between subsequent maps was 10mm; (4) 
from the intermediate distance maps dots were distributed 
around the CoG and (5) the new CTV structures were 





Results: The method is suitable for the creation of 
intermediate structures for convex and concave bladder 
volumes. Validity of the created contours was determined by 
visual checks of the responsible radiation oncologists and 
found to be in correspondence. Additionally the spacing of 
intermediates was checked and found to be 1 cm, along the 
largest straight line segment that connects the full and 
empty bladder, approximately perpendicular to the surface. 
The computation time of the algorithm is 2 seconds. Since 
the algorithm uses the same amount of measuring points and 
generates a fixed amount of intermediates, the computation 
time is patient independent.  
Conclusions: Testing of the interpolation on full and empty 
bladder volumes has shown the method to be robust and fast. 
The method has been successfully implemented in the 
clinical workflow. 
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